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Abstract
This paper, based on GARCH model, investigates the impact towards foreign exchange market of 13 kinds of macroeconomic 
information, and finds the released information of Sino-American monetary and retail trade has the biggest influence on foreign 
exchange market. As Chinese monetary policy, investment and consumer information, as well as American monetary policy and 
real estate information have been released, the market appears abnormal return rate; after Chinese currency and consumer 
information as well as American trade and consumer information have been released, the foreign exchange market volatility 
aggravates and continues. This paper attempts to use the GARCH model with macro information based on the VaR method to 
measure foreign exchange risk renewedly. Finally we find adding macro information into the model could increase the 
information of estimation which would improve the VaR measurement results.
Keywords: information release, VaR method, foreign exchange risk management;
1. Introduction
Due to the increase in the foreign exchange towards main body of market, the management of foreign exchange 
risk has become an important part of risk management in various domestic financial institutions. Traditional VaR 
method always starts with volatility model to improve the econometric effects. In order to find a volatility method 
with better fitting degree, for recently two decades, a great amount of different types of the ARCH-family model and 
the SV-family model has been applied to almost all of the VaR method. But such ideas have a common 
characteristic which is that no matter how researchers try news models, historical data and quantity of information 
are still. Their works are restricted to the increasingly improved the efficiency of using information which is based 
on historical data. Whereas this paper notices that new macro information can change the movement characteristic 
of financial time series, and by the model with both historical data and new macro information, the effect of the VaR 
method can be improved.
This paper is structured as follow: the first part is the literature review of the VaR method at home and abroad; 
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the second part is the application of the VaR method and the selection of sample interval and measurement model; 
the third part is the new model added the macro information to; the forth part is the estimation of the VaR by the 
modified GARCH model; the fifth part is the conclusion.
2. Literature Review
So far, there are three kinds of the VaR method researches. The first type is the volatility of financial time series, 
whose direction is the constant optimization of financial time series’ the volatility model to make a more exact 
prediction of time series. Bollerslev (1986) added the average moving term of conditional heteroskedastic based on 
the ARCH model and put forward the GARCH (General ARCH) model. The empirical research later indicated the 
GARCH model had better adaption and better degree of fitting with empirical financial time series than the ARCH 
model. Engle & Bollerslev (1986) proposed the IGARCH model to describe the continuous volatility. The fitting 
result of the IGARCH model is better than others, but this model implies that the volatility has a long-term memory, 
which means the shock gotten by conditional variance lasts infinitely, which leads to the possibility of arbitrage. 
However, that causes the logical contradiction between the IGARCH model and the EMH (Efficient Market 
Hypothesis). Engle, Lilien & Robbins (1987) proposed the GARCH-M model. That model combines the expected 
rate of return and the variance, and embodies the thoughts of Markowitz portfolio that higher risk requires higher 
returns. Nelson (1991) put forward the index GARCH (Exponential GARCH) model which excludes the assumption 
that parameters are bigger than zero. Nelson used the EGARCH model with asymmetric features to analyze the 
different information’s impact on the stock volatility. The model has significance in fitting result and verifies the 
existence of leverage. Andersen, T.G., and T. Bollerslev (1998) found that with the increase of data frequency, the 
kurtosis value of the distribution will increase. The GARCH model can describe some time series with lager kurtosis, 
but if the value of kurtosis exceeds a certain limit, the GARCH model becomes inefficient.
The second type is the comparative study of historical simulation, variance-covariance method and Monte Carlo 
simulation, including empirical researches of the comparison between the measurement results of those three kinds 
of financial time series methods. Monica Billio and Loriana Pelizzon (2000) using the SRM (Switching Regime 
Models), estimated the value of the VaR, and after comparing the estimation result of the SRM and that of the 
ARCH model, he found the former is better than latter. Faruk Selcuk and Ramazan Gencay (2005), comparing the 
GARCH model, the variance-covariance method and historical simulation, found the forecasting volatility of 
quantile in the Generalized Pareto distribution was smaller than that of the GARCH model and former was a better 
prediction tool of quantile. Viviana Fernandez (2006) used the normal distribution with conditional parameters 
method, parameters t-distribution with conditional parameters method, Monte Carlo simulation, conditional 
extremum method and non-conditional extremum to estimate the value of VaR to stock index in North America, 
South America, Europe and Asia respectively, and found the effects of the first two method were the worst and the 
effect of conditional extremum method was best. Mike K.P. So (2006) applied the 7 models including Risk Metrics 
model and the GARCH (p, q)-N model into 12 kinds of securities market indices and 4 kinds of exchange rates, and 
found the RiskMetrics model performed worst in the 1% confidence level; meanwhile if the financial time series had 
the factors of heavy tail and long memory, then the model with good adaption of heavy tail had better estimate effect 
than the model with good adaption of long memory; for the estimate of securities market indices, t distribution 
model was better than normal distribution model, while for the VaR value of exchange rate, the former situation did 
not appear.
The third category incorporates the VaR approach into researches of economic and financial system. Alexander 
and Baptista (2000) studied how to use preference theory based on the mean-VaR method to replace that based on 
the mean-variance method. Gourieroux and Monfort (2001), making use of expected utility function, studied 
efficient portfolios with the restriction of VaR. Crouhy and Galai, Mark(2000) researched credit risk management 
models which were based on the default case, and found the proportion of banking risk VaR in total risk exposure 
VaR was constant, when there was only one single credit risk factor and any exposure in credit portfolio just took 
tiny share of the total. It proved the standard method based on the rating was in accordance with the VaR model 
based on credit risk. Duncan Wilson (1995) put forward the VaR method could be applied to control the operation 
risk, and pointed out the operation risk, same to the market risk, could be measured by the VaR. Medova 
(2000,2001) pointed out that it was very low that the breakout possibility of the event with low frequency and high
shock degree factors in terms of operation risk, so the use of the VaR method would lose its function in the aspect of 
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operation risk.
3. VaR Parameters, Sample Interval and the Measurement Models
3.1. the introduction of the VaR parameter
Since the New Basel Agreement promoted the new standard of risk management to global banks, the VaR 
approach has become a widely used method by international banks in risk measure and management.
From the VaR equation Pr( ) 1tV VaR D''  ; ( tV'' is the loss of portfolio in the period of t' andD is the 
confidence level), we know that the VaR method includes subject factor, and the parameterD is set by the 
decision maker’s degree of risk tolerance and risk appetite, as well as different confidence levels correspond to 
different risk value. t' is also set from the specific need freely.
In the following empirical part of foreign exchange risk, this paper selects the confidence level of 99%, 95% 
and 90% respectively. The target maturity is set to one day, because we lack of data support caused by short 
time of reformation of Chinese foreign exchange system. For example, if we choose a relatively longer 
maturity like 10 days, we need 10 years’ exchange data to get 250 exchange returning data. This study aims to 
examine and compare the econometric effect of VaR value in various models, so one day maturity satisfies our 
requirement of research.
According to the New Basel Agreement, banks with high value of the VaR have to prepare more capital, 
which will lead to lower return rate on capital. The Basel Committee does test by using the posterior testing 
method for preventing banks from underestimating the value of the VaR deliberately or for identifying banks
level of using the internal model method. The posterior test method is that regulatory authority does statistics 
towards the frequency of a long period’s actual losses that exceed the value of the VaR reported. If the test 
result exceeds the confidence level corresponding with the VaR, the regulatory authority will require banks to 
increase the risk provision as a punishment. For example, if the each trading day’s VaR confidence level is 
99% reported by banks, taking 250 trading days as a sample, the days that actual loss of banks exceeds the 
value of VaR are three days (250 u 1%). After statistics, if the number of days is over 10 days, almost 
certainly, the VaR method estimated by banks is questionable. With the posterior method, the regulatory 
authority can judge whether the use of the VaR method is right or not, as long as it knows the statistics of past 
actual effect of using the VaR, but examinates the rationality of the model used to estimate the VaR. 
The Basel Committee and International Settlements divide the test results of 250 trading days into different 
regions in the confidence level of 99%. The number of failure days is within 4 days, which means the occurrence 
probability is less than 90%, is classified as green area and relative reliability, from 5 days to 9 days classified as 
yellow area, and over 10 days classified as red area. The last situation is thought to have severe problem.
3.2. The Introduction of Sample Interval and Measurement Model
The selected earnings series data is the medium exchange rate of RMB against the U.S. dollar in direct quotation. 
There are 3 reasons that the exchange rate of RMB against the U.S. dollar is chosen for analysis. First, despite the 
collapse of the Bretton Woods system, the U.S. is still the most widely used international currency in the 
international trade settlement and international finance because of the strong U.S. position in the world. Second, 
what this paper analyzes is the exchange risk of finance institutions in which the weight of U.S. dollar is very huge 
and U.S. dollar is the focus of risk management in foreign exchange market. Third, besides the empirical research of 
volatility and the VaR, we also need analyze the macro information impact towards foreign exchange market, and 
the data is easy to get, thanks to the full disclosure of macro information of the Federal Reserve and the U.S. 
Department of Commerce and the Labor Department.
The exchange rate data selected is about 700 samples from early 2007 to early 2010, and data resource 
comes from the website of State Administration of Foreign Exchange (SAFE).
Only the stationary time series can be applied to estimate the VaR, so first we should prove that series is 
stationary. Normal test is descriptive test, and most financial time series do not satisfy the normal distribution. 
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In this paper, the purpose of normal test is to verify whether the series of RMB exchange rate satisfies the 
stationary factor. Heteroscedasticity test is to exanimate whether heteroscedasticity of time series exists. The 
time series with both stationary and heteroscedasticity is appropriate for the ARCH-family method. Through 
the test to stationary of RMB exchange logarithm difference, to normality of RMB exchange logarithm
earnings, and to heteroscedasticity of the logarithm earning series, we find RMB exchange log earning is a 
kind of time series of stationary and heteroscedasticity. So, initially, the ARCH-family is taken to estimate the 
VaR.
The ARCH-family model contains a lot of models, and this paper use 6 models ARCH(4)-nǃGARCH(1,1)-
nǃGARCH(1,1)-tǃEGARCH(1,1)-nǃGARCH-M(1,1)-nǃIGARCH(1,1)-n to estimate the VaR. Before 
using those models, first we should do the volatility fitting to observe the effect of fitting. Those models only 
could be used to estimate the VaR after fitting and eliminating heteroscedasticity.
After testing fitting effect of those models, this paper excludes GARCH-M(1,1)-n model, EGARCH(1,1)-n
model, and GARCH(1,1)-t model, and keep ARCH(4)-n model, GARCH(1,1)-n model and IGARCH(1,1)-n model. 
The measurement results of those three models are shown as follows.(See Table 1, Table 2, Table 3)
Table 1 the measurement effects of ARCH(4)-n model
Periods for testing Confidence level Actual days overdue expected days overdue
705 1% 19 7
705 5% 59 35
705 10% 101 71
Table 2 the measurement effects of GARCH(1,1)-n model
Periods for testing Confidence level Actual days overdue expected days overdue
705 1% 13 7
705 5% 60 35
705 10% 105 71
Table 3 the measurement effects of IGARCH(1,1)-n model
Periods for testing Confidence level Actual days overdue expected days overdue
705 1% 11 7
705 5% 58 35
705 10% 104 71
The volatility of IGARCH(1, 1)-n model is fitted from the heteroscedasticity model, with the assumption of
heteroscedasticity, the measurement effect in tail of IGARCH(1, 1)-n model is better than that of Mont Carlo 
simulation. Through the test of GARCH-family models, IGARCH(1, 1)-n model has best measurement effect in the 
confidence level of 1% and value of the VaR is -0.0022403.
4. The New Model Added Macro Information
As mentioned above, the approach to improve the accuracy of the VaR measurement in academic field is 
to select better models to estimate volatility and to continuously improve the econometric methods of time 
series models. The essence of that idea is to try to take advantage of the price of market itself and the earning 
of historical data, the information contained in the weak efficient market. However, if the foreign exchange 
market is a semi-strong efficient market, no matter what change of econometric model has been done, the 
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volatility of the market cannot be estimated exactly. In order to get rid of that limitation, the fundamental 
information must be added to the historical data, so that we can deal with financial time series more effectively.
The macro information that relates closely to exchange rate of RMB against the U.S. dollar includes the 
information of trade, price level, monetary policy and economical operation state. 
The specific indicator system selected includes the Sino-American trade volume, the CPI of China and America, 
the adjustment of deposit and loan interest rates and Required Reserve Rate by the Chinese central bank and the 
Open Market Committee meeting on interest rate (FOMC statement). There are more indicators reflecting the 
situation of economical operation: as to China, we choose the fixed asset investment of whole society, because there 
are terms of the consumption and investment demand besides export demand, the total retail sales growth of whole 
country and the confidence index of national housing; as to America, we choose the employment situation report; 
the forecast of retail sales; the prediction of durable goods orders; the start of housing. That macro information, the 
economical fundamental information besides the historical earnings and the historical price series, provides new 
information for investors on decision-making, and influences the foreign exchange market probably. In order to 








t i i i i
t t t
t t t










                                        
(1)
Model 2 is:









t t t i i i i
y
I N
D ch E us
Z
H V




    ¦ ¦                                              
(2)
Table 4 the fitting results of Model 1
Coefficient Standard Error t Statistic P-Value
ch1 0.000006229 0.000124 -0.05 0.96
ch2 0.0000297 0.000113 0.26 0.7935
ch3 -0.000175 0.000123 -1.43 0.1539
ch4 -0.000294 0.000203 -1.44 0.1488
ch5 0.000368 0.000101 3.62 0.0003
ch6 -0.000144 0.000232 -0.62 0.5358
us1 -0.000105 0.0000993 -1.06 0.2897
us2 -0.000111 0.000117 -0.95 0.344
us3 -0.000407 0.0000993 -4.1 <0.0001.
us4 -0.000041 0.000105 -0.39 0.6981
us5 -0.000061 0.0000898 -0.68 0.4956
us6 -0.000158 0.000104 -1.52 0.1283
us7 -0.000421 0.000109 -3.85 0.0001
In which
ich , 1, 2 6i  " are dummy variables, corresponding to 1) the Chinese foreign trade volume, 2) Chinese 
CPI, 3) the adjustment of deposit and loan interest rates and Required Reserve Rate by the Chinese central bank, 4) 
the fixed asset investment of total Chinese society, 5) the total retail sales growth of Chinese society, 6) the 
confidence index of Chinese real estate. And
ius , 1, 2 7i  " are dummy variables too, corresponding to 1) the 
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American foreign trade volume, 2) American CPI, 3) the FOMC meeting on interest rate, 4) American employment 
situation report, 5) the forecast of American retail sales, 6) the prediction of American durable goods orders, 7) the 
start of housing in America. When the information corresponding to dummy variables appears, the value of dummy 
variables takes one, or else it takes zero. 
The difference between those two models lies in that Model 1 studies the macro information’s impact on mean of 
variables, while Model 2 examinates its impact on variance of variables. Since the former one is the examination of 
the first order moment, and the latter one is that of the second order moment, the impact of macro information in
Model 1 has directionality and that in Model 2 does not.
The situation that dates will overlap will interfere the judgment of the influence on dummy variables because of
the great amount of involved dummy variables, so this paper first categorizes these 13 variables into 4 groups, each 
of which includes 3 or 4 variables, and matches them respectively. Then we put fitted significant variables into the 
two models to match, and prove its influence once again. The results can be caught in Table 4.
From the aspect of matching results, the three kinds of macro information, ch5 ,
The refitted results indicate that the total amount of Chinese retail sales growth loses its significance, and latter 
two variables exactly have impact on return series of foreign exchange rate.
the total amount of Chinese 
retail sales growth, us3, the FOMC meeting on interest rate and us7,the start of housing in America, have factor of 
significance. In order to prevent the mutual interference of variables, the matching results of those three variables in 
the models are in Table 5.
Table 5 the fitting results of Model 1 with three variables
Coefficient Standard Error t Statistic P-Value
ch3 -1.75E-04 0.000123 -1.43 0.1541
us3 -0.000397 9.36E-05 -4.24 <.0001
us7 -0.000411 0.000109 -3.76 0.0002
It proves the influence of economic situation on exchange rate that the start of house in the U.S. has significant 
impact on the earning series of foreign exchange rate, but the fitting result is not significant for the U.S. employment 
situation report, the forecast of American retail sales and the prediction of American durable goods orders, which 
are also the indicators of economic situation. This paper argues that reason is that a huge number of information will 
be released each month by America, and the information has different importance depending on specific economic 
situation. The time interval of exchange rate data used in this paper including the subprime crisis and financial crisis 
when the real estate has become the most important and most declined industry, so investors of real estate are very 
sensitive to the confidence index of real estate and the start of housing becomes the most important basis to judge 
the economic situation in America. In addition, the significant variables in Model 1 also form the same direction of 
impact on foreign exchange earnings. Other insignificant macro data do not mean they have no influence on the 
foreign exchange market. Probably, that is because the foreign exchange market has inferior direction of reflection.
In addition, it is noticed that the impact of two pieces of macro information, us3, the FOMC meeting on interest 
rate and us7 the start of housing in America, is in the same position with
tH . With the assumption of no dummy 
variable, the abnormal fluctuation will be calculated into
tH , and could be observed in the GARCH model fitted 
before. The sum of the ARCH term and the GARCH model is very close to 1, and indicates the second order 
moment of the autocorrelation function declines very slowly, which means the influence itself is treated as 
continuous in the model. To verify continuity, this paper expands the influence term of us3 the FOMC meeting on
interest rate and us7 the start of housing in America to 10 days, but its result is not significant, indicating that the 
influence does not last. The empirical results reveal us3the FOMC meeting on interest rate and us7 the start of 
housing in America have directional impact on foreign exchange earnings, but the impact is not continuous. 
However, the impact will become continuity in the standardized IGRCH model, so it is possible to overestimate the 
volatility in the future. In other words, the VaR estimated from that volatility model will be inaccurate. So this paper 
modifies the standardized IGARCH model. The fitting results from the Table 6 indicates the 5 pieces of macro 
information, ch2, Chinese CPI, ch3, the adjustment of deposit and loan interest rates and Required Reserve Rate by 
the Chinese central bank, ch5, the total retail sales growth of Chinese society, us1, the American foreign trade 
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volume and us5, the forecast of American retail sales have significance. The regression results of each of them are in 
the Table 7.
Table 6 the fitting results of Model 2
Coefficient Standard Error t Statistic P-Value
ch1 3.164E-23 0.000000084 0 1
ch2 0.000000135 0.000000079 1.71 0.0869
ch3 0.000000216 0.000000081 2.65 0.0081
ch4 2.43E-23 0.000000219 0 1
ch5 0.000000317 0.00000013 2.44 0.0145
ch6 1.305E-24 0.000000185 0 1
us1 0.000000193 0.00000006 3.19 0.0014
us2 00000004053 0.000000084 0 0.9961
us3 0.00000006 0.000000072 0.83 0.4041
us4 0.000000027 0.000000098 0.28 0.7809
us5 0.000000195 0.000000063 3.1 0.0019
us6 0.000000032 0.000000074 0.43 0.6675
us7 -2.65E-25 0.000000093 0 1
Table 7 the verification results of each variable to Model 2
Coefficient Standard Error t Statisitc P-Value
ch2 2.17E-07 7.60E-08 2.85 0.0044
ch3 3.05E-07 7.74E-08 3.94 <.0001
ch5 3.53E-07 8.37E-08 4.22 <.0001
us1 1.94E-07 6.47E-08 3 0.0027
us5 1.92E-07 5.75E-08 3.33 0.0009
Each single fitting passes the significance test, while, from the perspective of order of magnitude, they are in 
the same order of magnitude with the ARCH term and the GARCH term. This result proves that the macro 
information will cause some changes in foreign exchange earnings, but its influence is different from that of 
us3 the FOMC meeting on interest rate and us7 the start of housing in America. The impact of us3 and us7 has 
no exact direction, so Model 1 does not pass the significance test.
And us3 the FOMC meeting on interest rate and us7the start of housing in America are significant in Model 1 
while they are not in Model 2. This proves that the impact of us3 and us7 are one-time effect and does not last 
again.
5. The Measurement of VaR through the Modified GARCH Model
In the following part of this paper, four macroeconomic variables, us3, the FOMC meeting on interest rate, us7,
the start of housing in America, us1,the American foreign trade volume, and us5, the forecast of American retail 
sales, are added to the GARCH model, to verify whether the new information with impact can improve the effect of 
the VaR measurement. Although these three pieces of macro information,ch2, Chinese CPI, ch3, the adjustment of 
deposit and loan interest rates and Required Reserve Rate by the Chinese central bank and ch5, the total retail sales 
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growth of Chinese society, are proved having impact on the market, they have no meaning in measurement because 
of the generation of risk at the moment the information released by China. Whereas, those four pieces of macro 
information are released by America. The macro information is always announced at local time 8: 30 and 10: 00 in 
America, and there are 13 time zones between east America and Beijing. That is to say America releases the 
information from Beijing time 21: 00 to 24: 00, and there are 10 hours from the opening of interbank foreign 
exchange market. In this period, it is enough for Chinese financial institution to reflect on the macro information 
announced by America and to take precaution against the risk.
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Table 8 the measurement effects of modified IGARCH model (1)
Periods for testing Confidence level Actual days overdue expected days overdue
705 1% 12 7
705 5% 64 35
705 10% 115 71
At the confidence level of 1%, the modified IGARCH mode (l) is worse than IGARCH(1,1)-n slightly and better 
than GARCH (1,1)-n, but the mean value of the VaR is -0.0022028 in this model, and -0.0022403 in IGARCH(1,1)-
n(see Table 8). Compared with the former model, the new model saves the venture capital of 1.67%. Since the 
timetable of us3 the FOMC meeting on interest rate is always announced one year ahead and will be released in 
advance if there is an adjustment, the financial institutions know the exact time that conference begins. In other 
words, even if we do not know the content of the conference, we know the time that the target interest rate is 
released. To be concise, at this point of time, the volatility of foreign exchange earnings will increase. So in practice 
the financial institutions multiply a coefficient over 1, the expectation of volatility, to the VaR of the meeting day at 
the same time they use new model to estimate the volatility rate. The coefficient of this paper is 1.3, which means in 
the day of meeting the estimation of VaR in new model increases 30%. The measurement results are in the Table 9.
Table 9 the measurement results considering the effect of the interest rate conference
Periods for testing Confidence level Actual days overdue expected days overdue
705 1% 10 7
705 5% 64 35
705 10% 112 71
These results are satisfactory. In the 1% confidence level, the accuracy of this model is better than that of the 
IGRCH model, and meanwhile the mean value of VaR is -0.0022305, a little bit smaller than the -0.0022403 of 
IGARCH(1,1)-n. So this approach is better than the standard IGARCH (1, 1)-n in terms of effectiveness and cost.
Table 10 is the fitting results with us1 the American foreign trade volume. In the confidence level of 1%, the 
accuracy of this model is better than the IGRACH model, and its mean value of VaR is -0.0022354, a little bit 
smaller than IGARCH(1,1)-n.
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Table 10 the measurement effect with modified IGARCH model (2)
Periods for testing Confidence level Actual days overdue expected days overdue
705 1% 10 7
705 5% 61 35
705 10% 107 71
There are fitting results of us1, the American foreign trade volume in Table 11. In the confidence level of 1%, the 
accuracy of this model is better than the IGRACH model, and its mean value of the VaR is-0.0022441, a little bit 
smaller than IGARCH(1,1)-n.
Table 11 the fitting results with the consideration of us1
Periods for testing Confidence level Actual days overdue expected days overdue
705 1% 10 7
705 5% 61 35
705 10% 109 71
Through the comparison of the VaR measurement effects above, this paper proves the effect of the GARCH 
model with the dummy variables the new macro information is better than that of general GARCH model. Its 
accuracy increases and that model reduces the Risk Based Capital of financial institutions. And it is proved 
indirectly that foreign exchange market is at least a semi-strong efficient market and exchange price includes the 
public information.
6. Conclusion
This paper attempted to apply the macro information into improve the measurement effect of the VaR of foreign 
exchange earning series. We first used traditional methods to measure the VaR of foreign exchange earning series 
with empirical mean, and found among traditional models IGARCH model had best fitting effect for foreign 
exchange earning series. Next, we used new volatility model to fit a set of macro variables selected, and discovered 
the macro information having significance in foreign exchange earnings from that. Then this paper estimated the 
VaR with the model including both new macro information and historical data. Its effect we discovered was better 
than the effect of traditional models including the IGARCH model. That finding verified the guess of this paper that 
through the introduction of new information, measurement effect of the VaR could be improved.
The policy implication of this paper lied on proposing new improvement to enhance the practical effect of 
internal model through the comparison of various kinds of VaR model in measurement of foreign exchange risk, and 
also lied on providing a new thought for financial institutions at home and abroad using internal model to manage 
the risk. It has certain reference meanings.
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